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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Appellant: William A. Welsh 

Serial No.: 10/685,215 
Filed: October 14, 2003 

Group Art Unit: 3656 
Examiner: Johnson, Vicky A. 

Title: ACTIVE FORCE GENERATION SYSTEM FOR MINIMIZING 

VIBRATION IN A ROTATING SYSTEM 

APPEAL BRIEF 

Subsequent to the filing of the Notice of Appeal on 11 October 2011 Appellant hereby 
submits its brief. 

I. Real Party in Interest 

Sikorsky Aircraft Corporation is the real party in interest of the present application. See 
reel/frame: 014614/0487. 

II. Related Appeals and Interferences 

This application was previously appealed. See Appeal No. 2009-002774. A copy of the 
decision is included in the Appendix as Exhibit A. 

III. Status of the Claims 

Claims 1 1-36 are pending, however only claims 22, 25-27, and 29-36 are rejected. 
Claims 11-21, 23-24 and 28 stand withdrawn, and claims 1-10 stand cancelled. 

IV. Status of Amendments 

All amendments have been entered. 
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V. Summary of Claimed Subject Matter 

Disclosed is vibration isolation system 10 for reducing vibrations generated by a rotating 
system 2. The rotating system 2 can produce certain vibrations during operation. When left 
unattenuated or unabated, these vibrations may lead to structural fatigue and premature failure of 
system components. 

In one example, a multiple of masses Ml, M2 are coaxially disposed about an axis of 
rotation 6 of a rotating system 2, and a drive system 30 spins masses Ml, M2 about the axis of 
rotation 6, as controlled by a control system 40. See Appellant's Figure 4, below. These masses 
can be spun independently, which provides for an increased level of control over the vibration 
isolation force magnitude and phase. 
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FIG. 4 



Summary of independent claim 22 

Claim 22 generally relates to a vibration isolation system 10 for reducing vibrations in a 
rotating system 2 rotatable about an axis of rotation 6. A multiple of masses Ml, M2 are 
coaxially disposed about an axis of rotation 6 of a rotating system 2, and each of the multiple of 
masses Ml, M2 are radially offset from the axis of rotation 6. A drive system 30 independently 
spins each of the masses Ml, M2 about the axis of rotation 6 at an angular velocity. Further, a 
control system 40 is in communication with the drive system 30 to control the angular velocity of 
each of the multiple of masses Ml, M2 to reduce vibrations generated by the rotating system 2. 
(See page 7, 11. 5-25). 
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VI. Grounds of Rejection to be Reviewed on Appeal 

Claims 22, 25-27 and 29-36 stand rejected (see the Final of 22 June 201 1) under § 103(a) 
as being obvious over Ueda (JP 61164109) in view of Perry (U.S. Patent No. 6,813,973). 

Note that the Ueda reference is originally in Japanese. A translation of Ueda was made 
available earlier in prosecution, and is attached hereto as Exhibit B for convenience. 

VII. Argument 

A. Dependent claims 25-27 and 29-36 have not been properly addressed 

While listed in the grounds of rejection, the Examiner has not actually addressed these 
dependent claims. Instead, the Examiner has only proffered a substantive rejection of 
independent claim 22. 

As the Board is well aware, the Examiner has the burden of producing a prima facie case 
of obviousness. (See MPEP § 2142, noting that "[t]he examiner bears the initial burden of 
factually supporting any prima facie conclusion of obviousness"). Further, as explained by the 
Supreme Court in the KSR case, the key to supporting a prima facie case of obviousness "is the 
clear articulation of the reason(s) why the claimed invention would have been obvious." (MPEP 
§ 2142). 

Here, the Examiner has not provided any explanation of the manner in which the 
dependent claims are being rejected. Accordingly, there is no prima facie case of obviousness, 
and the rejection of these claims should be reversed. 

The scope of the dependent claims does indeed extend beyond the teachings of the Ueda 
and Perry references, as explained in detail below. Again, it was improper for the Examiner to 
group these claims together without actually addressing each of the features in the dependent 
claims. 
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B. Independent claim 22 is non-obvious 

Setting the dependent claims aside for a moment, independent claim 22 is non-obvious 
for at least the following reasons. 

1. The rejection 

Since the last appeal, Appellant has amended the claims to recite, among other things, 
that the multiple of masses are "radially offset from said axis of rotation." The Examiner has 
admitted that Ueda lacks this feature, and turns to Perry to teach it. 

The Examiner primarily relies on the Figure 6 embodiment of Ueda in her rejection, 
copied below. 



Figure 6 of the Ueda reference includes a vibrator 20, which is part of an angular velocity 
meter. The vibrator 20 is made of a continuous elastic material, and includes a case 23 and two 
masses 21a, 21b that "wobble" about the axis Z. (Ueda translation at pages 4-5, specifically 
noting that "[a] constantly elastic member is used as the material of vibrator 20"). When the 
vibrator is excited (e.g., by some outside force), the mass members 21a, 21b react to that 
excitement by wobbling back-and-forth, as permitted by the elastic supporting members 22a, 
22b. (Ueda translation at page 4, 11. 20-30, explaining that the support section "elastically" 
supports the masses). The wobbling frequency of the mass members 21a, 21b is detected, via the 
detecting electrodes 35a, 35b, and is used to determine an angular velocity measurement. (Ueda 
translation at page 6, 11. 1-10). 
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The Examiner turns to Perry, which is a drive shaft that includes masses that actually do 
"spin" (as opposed to wobbling, like Ueda) about an axis. The Perry masses are not biased by 
any elastic member, as the Ueda masses are. The Examiner has stated that she is not relying on 
Perry for the teaching of "spinning," but is instead including Perry only to teach "a radial arm 
(50, 39) radially offset from the axis of rotation." (Final at pages 3-4). 

Whereas Ueda's masses 21a, 21b wobble, and are centered about a wobbling-axis, the 
Examiner apparently argues that her combination would result in Ueda's masses being spaced 
from their axis, while still continuing the disclosed wobbling motion. 

2. The Examiner's modification lacks a drive system to " 'independently spin" the masses 
As explained above, claim 22 recites "a drive system to independently spin each of said 
multiple of masses about said axis of rotation." That is, the drive system actively, and 
independently, drives masses about an axis. 

In Ueda, the masses Ml, M2 are not independently driven about the Z axis, as claimed 
and disclosed. For example, once Ueda's vibrator 20 is excited, the masses 21a, 21b wobble back 
and forth (essentially, in torsion) relative to the case 23. Whereas Appellant's drive system 
actively drives each of its masses, the wobbling of Ueda's masses is merely a reaction to an 
earlier excitement. 

To support its position that Ueda discloses masses that "independently" spin, the Board 
pointed to the "direction arrows" in Ueda's Figure 6. (Decision at page 4). The Board further 
noted that "Appellant does not address the two arrows depicted in that figure which indicate that 
the masses rotate in opposite directions." (Decision at page 5). 

With respect, the wobbling of Ueda's masses 21a, 21b, although in opposing directions, 
is dependent on (and is a reaction to) the earlier excitation of the vibrator. 

Considering this, and further considering that Ueda's masses 21a, 21b are connected 
together as parts of a continuous, elastic body, it cannot reasonably be said that Ueda's drive 
system independently spins its masses. Accordingly, claim 22 is non-obvious, and the rejection 
should be withdrawn. 
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3. Veda's masses still do not "spin, " as claimed 

Even if Ueda could be said to independently drive its masses, Ueda would still not "spin" 
those masses, as claimed. 

As mentioned above, claim 22 recites "a multiple of masses" and "a drive system to 
independently spin each of said multiple of masses about said axis of rotation at an angular 
velocity." In other words, the masses Ml, M2 "spin," or rotate, about the axis 6 of the rotation 
system 2 independent of one another. 

Ueda's masses do not "spin," as claimed and disclosed, but instead "wobble" relative to 
the Z axis, due in part to the elasticity of the support members 22a, 22b. Interpreting a back-and- 
forth wobbling motion as "spinning" is improper, and is unreasonable. Accordingly, there is no 
prima facie case of obviousness, and the rejection should be reversed. 

While Appellant understands that Examiners are to give claim terms a broad 
interpretation, that interpretation must also be "consistent with the specification," and otherwise 
consistent with the way the terms are ordinarily used in the art. (See MPEP § 2111). 

Here, the Examiner has even provided a definition of the term "spin." The Examiner 
interprets "spin" as "to revolve or rotate rapidly, as the earth or a top." (Final at page 3). 

While the Examiner has cited an appropriate definition for the term "spin," Ueda's 
"wobbling" does not fit this definition. For example, and following along with the Examiner's 
definition, the earth does not wobble back-and-forth about its axis, nor would one say that a top 
wobbles back-and-forth. One of ordinary skill would not otherwise reasonably consider 
"wobbling" to be "spinning," especially considering Appellant's specification, which details the 
manner in which the masses Ml, M2 spin about the axis 2. 

In the prior appeal, the Board's position was that "Ueda's mass members rotate, or orbit, 
in opposite directions around the Z-axis." (Decision at page 5). 

With respect, Ueda only uses the term "orbit" when referencing element M in the 
schematic of Figure 5. Because Ueda's masses 21a, 21b in Figure 6 wobble in opposite 
directions relative to one another, and because Ueda includes elastic supports 22a, 22b to fix its 
masses 21a, 21b together, the masses cannot "orbit" their axis in opposite directions. If they did, 
the elastic supports 22a, 22b would break. Instead, the elastic supports would urge the masses 
back toward a relaxed position, rendering an orbit — let alone an "independent" orbit — 
impossible. Again, the rejection should be reversed. 
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4. The suggested modification would, at a minimum, change Ueda's principle of 
operation 

Even outside of the above points, the combination of Ueda with Perry would 
impermissibly change the Ueda reference's principle of operation. 

While Ueda's masses 21a, 21b wobble about their axis and are rotationally urged by the 
elastic supports 22a, 22b, as explained above, Perry's masses 38, 44 and 52, 64 are configured to 
freely spin around their axis 35, without interference from any elastic support. See Perry's Figs. 
2-3, copied below: 




If Ueda's masses were configured to spin — instead of wobble — then Ueda would need to 
be completely reconfigured. For one thing, Ueda's elastic supports would have to be done away 
with altogether. Additionally, Ueda relies on the detection of wobbling frequency when 
determining angular velocity, as noted above. Rendering Ueda's masses incapable of wobbling 
would, at a minimum, require a change in Ueda's basic principle of operation, if not render Ueda 
altogether inoperative. Such a modification is improper. (See MPEP § 2143.01). The rejection 
should be reversed for this additional reason. 

While the Examiner has essentially taken the position that Ueda's masses would be left to 
wobble after being combined with Perry, and that Ueda's modified masses would not spin as 
Perry's do, this interpretation runs afoul of the examining guideline that "[a] prior art reference 
must be considered in its entirety, i.e., as a whole, including portions that would lead away from 
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the claimed invention." (MPEP § 2141.02). Here, the Examiner has improperly ignored the fact 
that Perry's masses spin about its axis, without interruption from an elastic support, when 
making her combination. The rejection should, again, be reversed. 

5. Ueda is not concerned with reducing the vibrations in its system 

Claim 22 recites "a control system in communication with said drive system to control 
the angular velocity of each of said multiple of masses to reduce vibrations generated by the 
rotating system." (emphasis added). In Ueda, there is simply no control system that reduces 
vibrations. Instead, Ueda's system measures vibrations, or wobbling, and uses measured 
wobbling frequencies, resulting from those vibrations, in determining angular velocity. If Ueda 
reduced its vibrations, then it would not provide an accurate angular velocity measurement. 
Again, the rejection should be reversed. 

While this feature is perhaps recited functionally, it must still be addressed. (See MPEP § 
2173.05(g), which notes that "[a] functional limitation must be evaluated and considered, just 
like any other limitation of the claim, for what it fairly conveys to a person of ordinary skill in 
the pertinent art in the context in which it is used"). 

C. Dependent claims 30-3 1 and 33-34 are non-obvious 

As noted above, the Examiner has not put forth a prima facie case of obviousness 
regarding these dependent claims. Thus, Appellant has no duty to produce any evidence of non- 
obviousness. No less, these claims cannot be accounted for by a combination of the Ueda and 
Perry references, and should be allowed for the below reasons. 

1. Claims 30-31 and 34 

Claim 30 includes "a multiple of electric motors," each of which spins one of the masses. 
Claim 31 similarly includes that each of the motors "are independently operated to independently 
spin" the masses, and claim 34 includes that the "drive system spins each of said multiple of 
masses about said axis of rotation at an independent angular velocity." 

Ueda does not include multiple motors configured to drive its masses independently, as 
claimed. Further, Ueda does not teach any system that is configured to spin its masses, as noted 
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above. Instead, Ueda measures a wobbling frequency, and bases an angular velocity calculation 
on that measurement. 

If anything, Ueda teaches exciting its entire vibrator as a unit, and then measuring the 
wobbling frequencies of the masses 21a, 21b, which are located at its axial ends. (See page 11, 
lines 20-30). Ueda does not — and would not need to — independently drive its masses in the 
manner claimed in these dependent claims. These claims should be allowed. 

2. Claim 33 

Claim 33 recites that the masses are "located only on one side of said rotating system." 
For example, see Appellant's Figure 4. Ueda's axis runs directly through the center of its masses 
21a, 21b. Arranging Ueda's masses such that they would be only on one side of its axis would 
significantly change the way the masses wobble — if Ueda would even wobble at all at that point. 
This would undoubtedly throw-off Ueda's angular velocity calculation. Accordingly, claim 33 is 
non-obvious and should be allowed. 

VIII. Conclusion 

Based on the foregoing, the Examiner's decision to reject the claims should be reversed. 

Respectfully Submitted, 

CARLSON, GASKEY & OLDS, P.C. 

/Timothy J. Murphy/ 

Timothy J. Murphy 
Registration No. 64,613 
400 West Maple, Suite 350 
Birmingham, Michigan 48009 
Dated: 30 January 2012 Telephone: (248) 283-0732 
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IX. Appendix of Claims 

22. A vibration isolation system for reducing vibrations in a rotating system rotatable about 
an axis of rotation, comprising: 

a multiple of masses coaxially disposed about an axis of rotation of a rotating system, 
each of said multiple of masses radially offset from said axis of rotation; 

a drive system to independently spin each of said multiple of masses about said axis of 
rotation at an angular velocity; and 

a control system in communication with said drive system to control the angular velocity 
of each of said multiple of masses to reduce vibrations generated by the rotating system. 

25. The system as recited in claim 22, wherein said drive system spins at least one of said 
multiple of masses in a direction opposite to the direction of rotation of said rotating system. 

26. The system as recited in claim 22, wherein said drive system spins at least one of said 
multiple of masses at an angular velocity greater than an angular velocity of said rotating system. 

27. The system as recited in claim 22, wherein said control system utilizes a phase angle 
from a power source as a phase angle reference to said control system. 

28. The system as recited in claim 22, wherein said rotating system includes a rotary wing 
aircraft main rotor system. 

29. The system as recited in claim 22, wherein each of said multiple of masses are mounted 
to an end of a radial arm. 

30. The system as recited in claim 29, wherein said drive system includes a multiple of 
electric motors, each of said multiple of electric motors spin one of said multiple of masses 
through said radial arm. 
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31. The system as recited in claim 30, wherein each of said multiple of electric motors are 
independently operated to independently spin each of said multiple of masses at an independent 
angular velocity. 

32. The system as recited in claim 22, wherein each of said multiple of masses define an 
eccentric mass relative to said axis of rotation. 

33. The system as recited in claim 22, wherein said multiple of masses are located only on 
one side of said rotating system. 

34. The system as recited in claim 22, wherein said drive system spins each of said multiple 
of masses about said axis of rotation at an independent angular velocity. 

35. The system as recited in claim 32, wherein each of said multiple of masses are mounted 
to an end of a radial arm. 

36. The system as recited in claim 22, wherein said rotating system rotates at a rotational 
speed of IP and generates NP vibrations. 
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X. Evidence Appendix 

Exhibit A— Decision in Appeal No. 2009-002774 
Exhibit B — Ueda reference translation 
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Related Proceedings Appendix 

See Appeal No. 2009-002774, in which the Board issued a decision on 30 July 2009. 



13 



ATTACHMENT A 

.,',;. rv j_ \ I ^ ' 'i \ v ^ 



-*»\ i 1 - v ^ ■> 



5 AU6 81W 



Please find below »«d/or attaeljed an Office coftri&afticfctioa eoscerniag tilis applkatiss or proceeding. 



ie period for reply, if* any, is set 



50 attached communication. 



BEFORI- I HI IkURDOf iWH'Nl Mr: US 
Km Ri'.NC! S 



E park Will LAW \ WELSH 



Appeal 2009-002774 
Application 10/685,215 
Technology Center 3600 



Decided: 5 Julv'30,2009* 



BeiUv j x h 1 h ^ 11 W S I A1COVICI, and 

s ^ - i\,nnr Judges. 

^ s < - ^ , % ; t >,f fudge 



DBCISh tN G N \1 I \ 



1 The two-month time period for filing an appeal or commencing a civil 

s * n >™ C ! V > 1 Iv \r - o *\>i ? v * 
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Application 10 ^5 - "5 

STATEMENT OF THE CASE 
\\ llan \. V* s \ppelkmt) s eks our review undei 35 I S.C 
§ 134 of the final rejection of claims 22 and 25-27, We have jurisdiction 
under 35 U.S.C. § 6(b). 

SUMMARY OF THE DECISION 

We AFFIRM, 

THE INVENTION 

Appellant's claimed invention pertains to a system for minimizing 

m-pfane vibration produced in a rotating system of a rotary-wing aircraft. 

(Subst. Spec, 1, II, 3-5.) Claim 22, reproduced below, is representative of 

the subject matter on appeal. 

22, A vibration isolation system for 
reducing vibrations in a .rotating .system rotatable 
about an axis of rotation, comprising: 

a multiple of independently rotatable masses 
coaxlaily disposed about an axis of rotation of a 
omnia- -wem; 

a drive system interconnected to each of said 
m ) ipie of independent!) o-nm b' 1 1 

independent!) rotate each of said multiple of 
k \ . >' ible masses aboi t s d s s 

rotation; and 

control system in coi i , at 1 - t 
drive system to control an angular velocity of at 
least one of said multiple of independently 
rotatable masses to reduce in-plane vibration of the 
rotating system. 
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THE REJECTION 
The Examiner relies upon the following as evidence of 
unpatentability: 

Ueda el ai. (as translated) JP 61-1641 09 Published July 24, 1 986 

25-27 under 35 U.S.C, § 102(b) as anticipated by Ueda. 

ISSUE 

m lv ati cda discloses all >f the 

.Appellant's claim 22. (Ans. 3-4.) Appellant argues that Ueda's elements 
21 a and 21b cannot be considered to be independently rotatable masses. 
(App. Br. 6-7.) Therefore, the issue on appeal is: 

Ua- Appellant Ai^>" thai the I xamincr erred ,n imcim v iha* 
discloses independently rotatable masses? 

FINDINGS OF FACT 
We find that the following enumerated findings are supported by at 
- - k , v evidence, 

1. I 'edu discloses a vibration type, an* < \ T-\ m - as<n^ 
multiple \ ibrators, each comprising a wobbling nuns member and a 
supporting section. 
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(Ueda 2.) Figure 6 of Ueda is reproduced below: 




figure 6 depicts an embodiment having two vibrator units. (Id at 12.) 

2. The device shown in Ueda's Figure 6 has two wobbling mass 
men- hers 21 a and 21 b elastic-ally supported on case 23 by supporting 
sections 22a and 22b, respectively. (Ueda 5, 12.) As indicated by the 
direction arrows depicted in Figure 6 S the mass members rotate in opposite 
directions. (Id. at 5, 12, fig. 6.) The wobbling mass members move in an 
orbit around the Z-axis. (See id. at 8 S fig. 3.) The device contains an 
,\v,a \ :rr bs \\ ohHiug the mass members. (2& ai'5.) 

3, > de\ e is utilized for obtaining m conio 
us.v >\ > , s. ux> ce i f> i u s > a ar , n ^ k ^peutum pari 

Ll u=ir . s coin kc between !hc frequencies of the vih - - 
to compute their anguka velocities. (Id at 5,} 
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PRINCIPLES OF LA W 
7\ clai i 1 k ^ H it l H ' v % 1 v v v ( is ^ ^ 

! ^ 0 <\ Llkh x <• k vS 

auieicivncv v . C » r ne \ I m »i ( ^ <\ > ^ i- Mtvtf 
63! (Fed. Cir. 1987) (citations omitted). 

ANALYSIS 
d claims dia.ii \ > We 
deeu -us vt-<mt ve claim, and claims 25-2 > 
with claim 22. 37 C.F.R, § 41 ,37(e)(i}{vii) (2009);. 

Claim 22 recites "a multiple of independently rotatable masses," 
Appellant disputes the Examiner's finding that Ueda's elements 21a and 2!b 
correspond to the recited independently rotatable masses. (App. Br. 6-7.) 
Specifically. Appellant contends that Uedau Figure 5 iiiuss u - . 
titer* npo I 5 o\\ am 

vi. • x c* io 'etation {id at 6 } >m\\L\er ' N t j - 

i . >. ! da's mass meuiKw . ^pmonthe 

Z-axis. Appellant does not address the two an, ^ n ,vp\ vO i 

< k es rotate in opposite directions \s set forth in 

, id : \ >, . ^ x mt, n 'i "'1 to o " 
erection^' md > -> - la.i- A) AceonLri . 
persuaded us that the Examiner erred n finding j ! Ueda discloses 
independently rotatable masses as recited in claim 22, Appellant does not 

X'v C U -> /'OAU, i> dr OOUL v 

missing from the 'Ueda disclosure. 
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Appeal 2009-002774 
Application 10/685,215 

ecord is smmi ^ i i the precise fa*, Is . ^ i i p 

in support ol there c on (Reph Br 2 ) Appellant hows 
point to. } ^pec Lj a v» iereuMoi tUtuviuU-K wic v 
O'tiltlK ^ i~ 1 !v I CI s ^ * i w 

explanation of the rejection, appellant's mctv v eru 1 u rtc* 
< t < \ ! v2 . s i ! <ii^ - i i , a nc 

rejection Further u ne extent that Appellant ur^uc* ia , . 
should be reversed due to purported procedural missteps, we note that 
procedural matters do not fall within our jurisdiction. S« In <* Wndick 371 
R2d 892, 894 (CCPA 1967). 

i stain the rej ec u on o f claim 22* as wel ! as the reject! claims 
25-27 which fall with claim 22. 

CONCLUSIONS 
\ >ell mi Las i ot show u that the Examiner erred in finding that Ueda 
J , v \K > aatable masses. 

DECISION 

The decision of the Examiner to reject claims 22 and 25-27 is 
affirmed. 

this appeal may be extended under 37 C.E.R. § 1.136(a). See 37 C.F.R. 
§ 1.136(a)(l)(iv) (2007). 

AFFIRMED 
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(10) ; JP 

(11) : 61164109 

(12) : Kokai 
(43): 

01): 60OO« 

(22): 19850! 16 

(51): G01 C 19/56 

€3 0:1 P 9/02 

(72): Tosbhsugu Ueda et al . 

(?.[}: Y^uok-ivvis HO;u\h;r ; I lY-.: \ osp. 

(54): VIBRATION TYPE ANGULAR VELOCITY 

METER 

S 4A1 8*rf v 



1 



wobbling mass member and a supporting section {hat supports wad mass member ebambalho a ea 
wearing i emt s s si -j e erne ed vibrato t t i s me 

wobbling the ahweniordmtmd mass ni ember of Pie aibmmemawed vibrator., a frequency deieetke 
for detecting she frequency of -he aforementioned wobbbng, a. selbexcuavion cireoit for wobblim 
aforementioned < ibi a >r at s am a ithmeii;: pari for computing an angular velociq of the aforenw 

2. A vibration type angular velocity meter characterized by comprising multiple vibrawm |eac 
equipped with a wobibmg maw member and a supporting section bun: sceqwats said mass membe 
, - , » > > we UN - > 1 f . v em- 

an excitation means f< >i wobbling t least one of the af »rcmentia»ed \ ibnttors while web dim th 
vibrator in the opposite direction or vibrating it m a bending fashion in a linear direction, a 
wobbii t rcmemdom.-d s 1 md an &\ < v 
v „ w < < n v \ ka v\i , o - em' 

the directions of the anemiar velocities of the <a vibrators. 



A a , - , - \ 

altitude comroi signal tor such a moving body as an a eve oh 



A vibration type ang < . s forces 

tuning-fork because a high level can be attained for Q ■ - as to reduce the driving energy, u 
level » v. v % car; be achieved. 



through Japanese Kokai Patent Application No. Sho 3511 vbbh.fobe gazette, tor example, la and lb 
i-^'.v > \s m mpO n v ' an_ e.u ^ ;d " \^ ; a e; ; . v. v. ^ 

order to vibrate forks la and lb closer to or away from axis Z to the directions indicated hy «. thai Is, 
generate In-plane vtbtations. 

breqaene> ofvnd x >b' at Ions, resonate^ u ah the eh enema a. so hequaamle\ oi links la and 1 A and r 
large amplitude is generatod usmg a small driving energy. 

al io axis a Co s t huu s„ a torsional a um wi 
frequency as the driving frequency and an amplitude proportional to hi is generated In the direction 

1 by t s baiicaua y A d B or A' and 5 ^ > ants a shaft 
need to detect add torque, a hercin h is connected ta the bottom of the nnung-bors at one end via 
vhaahom-ab\orblng member 4 while fixed to base member 5 at the other eaa. 3a represents a torque 
transfer lever that, a used to apply a vibrating torsional torque to piezoelectric element h 
prestru reave bled to pole 5a provided on the base .member and take the resulting converted electric tugs 

.Herea characteristic frequence of'thc part that includes shaft 3 and base member 5 while in a prima 
raxk is select! s ale frequency of the 

v x -t ibex brat ions 



u - ^ ■■> t - ed by me c c ken to the 

omshie. 

Problems to be solved by the invention 

cbsrij.cieri.sHc frequency ai foe detecdon part are the same, vibrations of the driving pari adbet the 
detection part, and detection of the torque generated by the weak CorioHs three becomes dbtlcu.it. Tfooy 
absorber 4 thai absorbs die vsbedhm energy on the driving side becomes essential, so that the overall 
structure becomes complicaied. 

t ^ ^ s. i v v «. v v » v t e e 

e ^ ^ > < v. > - e crop wm> r 

technology, and its purpose is to realize a compact high-precision angular velocity meter daoagh the 
utdicabon of a novel configuration for detecting the angular velocity based > changes m -he 
; e ' o < 

■ least to solve the p 

in order to solve the aforementioned problems, the first invention comprises a vibrato? equipped with 

-.u" v > » -m v > v. v < > - - ' n 

< < e o v , e \me sc> lection mean 

! detect ig v v e forementionet bb e x< n chxt for wo \ | t 



\ s , . -'if Vi K 0 
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aforementioned vibrator in accordance with a change in die frequency of the aforerneerbooecl vibrator. 

hi rdm v - ive c - ed problems, die secom entk metises m ip <• ; 
jsaeh] equipped with a wobbling member and a supporting section that supports said mass member 
eiasticdly, a ease for securing die ^ e a supporting sections of the aforementioned vibrators. 

s % ingtbeotb.es 

vibrator in the opposite direction or vibrating 1; in a berating fashion in a linear Olrecdem a 
selfsnwltailon circuit fia r wobbhag rise aikremeniioned vibrators, and an arithmetic operation part dan 
computes the difference between die frequencies of me m , > v. vibrators so as to compute da: 

levels and the directions of the angular veiocides of the v ,. , vibrators. 



Application examples ;. 
The brat bwentnm will be explained beiow using figures. 

Figure i are perspective views showing the configuration of the cardinal nan of an application 
s ^ t , e > ! ,o 

\w ■ - ce j \ -.wo < ' v n v".tiC11 part 

Vibrator 20 is configured oath wobbling muss member 21 and supporting section 22 brat supports 
«>m ^ ^ t *v N v.. , ^ o " x v m> x o\ m ^ ^ 

is used as the material of vibrator 20 I;-? order to reduce tempers ture-oiepemkney of the characteristic 
bending frequency of Use vibrator. Mass member 21 Is cylindrical, supporting section 22 is < the shape 
of a rod with a round cross section, and they constitute a cantilever beam. Primary chameterkbe bending 
re en ( s ever bet 




m 
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C V s V '.V 2_ > V Cv. Cm . I 

beam, A represents cross-sectional area of dm beano g v so gravitational acceleration, v represents 
>m , ; ok d E repress udinal clastic modulus of tlx 

e m material N > ember 2 educes t 
characteristic heading frequency ev> is low, the frequency of the wobbling of vibrator 20 becomes lower, 
widen i« advantageous when detecdog changes in fie vswmhng frequency attributable to the angrfar 
velocity. 

tfharaomnsfo kmbmg vibration modes wf smd wbramr -.onw m 2 tneloxmbem mocxs. namely, 
direction of line segment B-B* lor characteristic vibmuons at a low frequency and direction of line 
segment C-C* for characteristic vibrations a: a high frequency. However, the vibratam type anguiar 
vohuaty meter Is n-.e. ; e i er i , s s ego as oi •;. •, are adjustes 

to march wkh each other. 

Through bole is created at the center of electrode support 3 I .. and a mass member is 0 cod Inside of 
said through bole with a small gap. Electrode support 31 is usually configured using an insolation 
material such as glass or ceramics; and electrodes 34a. 34b, 35a, and 35b are formed on it by means of 

adjust the g-smrei of counter surface 33 lhai laces mass member 21 placed in she tbroagh hole of bo 
electrode support. Although 4 electrodes are termed on electrode support 3 b detection electrode 35b Is 
s ' - w .m " % v t -> 1 d s. ,> - 

s s v \ ^ w v , - e ^ 

it ies of vib oe detected ectrodes are shapt connect cwmu 

s ,v ^ !h x. s s , - m gremdec -smusL^i „s bngr;eal snnbue 'o> 

o v.v m w,, s s * ~> >v . .,\o;,v;e ! ■> i . v 



mean.- \ seioc voodea aom k ..omlgcwd ^ina t. ..: boqaewo -k-u. .do: me,u • and .5 ■■. wsoon . 
Detection eieetoxies 35a and 35b and mass member 2; ccoodtnie a capacitance. Hers, vibrations 

>\A s \ ' V 3 0 , , .V V v 

, ^ „a Shix«or ^ x'^*, kw 

example. Fitter 37 extracts only the frequency ih&t is equivalent to the primary characteristic J.i, 

equeoey of vibrato ; ^ I JS dccid 

lbs difference between the phase of the vibrations of mass 2; and that of automatic conn control 
anspHOeatlcm circuit ; will be reh.ored to as AQC cireuii. hereinafter) 39 to be supplied to driving 
chaned v v\l tc deocc ox ft 3 v<\a\. nJ ibe >. 

sensitivity regarding changes In the rotational movement frequency with, respect 10 duo angular vekx 

; s < o> es sx:d s ! ! s et t esupp 2 

AC: voltage from ACK2 circuit 3d is sent through reed he; 40, converted Into DC voltage Ey. and 

a r s int - vh< - sr a n by AQC 39 is increase 

N i * s . . v » \ W t ^ . v K \w 

' e> s \i In x w t > < cn ; 1 < > be hep 1 s> ' >\ a no.; adh 

\ Vs. ' > ^ v. ee aotb x v c„ v 1 ^ 

ippli ft v e3 cottage i in 1 a mama chances y in the 

^ , » , we wyocn - ban comoincJ o ids h \( \eb3gc. An V sobagc, dan > oc hs -In 

r - v > hide.rd ( g )C power supply 44 U 

k h IQ wobbles In ih& clockwise wb bo 

referred to as CW ? hereinafter) or 0 . (wit! be referred to as CCW. ,c >w a is decs 

■ ien< ^ > . v w< - - . ^ I 
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On the other hand, the AC voltage from A(}C circuit 39 is supplied also io phase d if Omence dmccbo 
circuit 46 that consdtmes an arithmetic operation par- tor comparing iha level and the dlrecdon of 

w v 1 - v sthe ± se 

that generates a rixsd frequency irrespective oi angular velocity iA and a signal trom AGC circuit 39 at 

Cu.a 1 a o s\ SN ^ 
is zero. V-, -.aa ghave - -■adan ^ m- .and s ^ -> ^ 

V, ,S , Sx \ x 11 V. 

Principles of the operations of die device configure ia said manner void be explained next. Figure 3 
shows a mode! In which vibrator 2d is simplified. Because vibrator 2d m adgasied in such a manner that 

v- ■■ ?da ■ . bee ; ihe same, sp soauk nass NN 

^Ud die freeneee^ .a b r - mo ^ > Oxs v - cm V dwmmea s f a -\ --a- ' -n.a mms ac * al dm mm 

v <v v'i s < n x a *s-_ o g 

that rotational movements are circular in shape, mass M moves on a circular orb;?, with the radius off 
id the center \it s - - - < - 

\pric\e k aAm\; baleme ■ m, 
Mm*A-rk (2) 

c<a ,s v . . I , v - > a- oammrm ■■■ . * " AmUmm mmehe , ohe ehammeriAic imnrima 
frequency of the vibrator, sc.; it can be given by 

N x \ vhicb angular veiochy Q is app 

v o au x <- v ( m!m msmamdi-imAn P\eme t 

8 



ting at anguiat c v. t 

^ s.- v - C , 

when bonmski (2) and Forrnuia {4; are compared, 
MfW »> Mr (m iif (5) 

12 - sxi - as (6; 



Therefore, when a deviation irons rotational movement frequency is observed with reference- to tb 
same frecmeney as s> s , angular vekscity il acted upon vibrator 20 can be found, Mere, the rotational 
mamam corresponds to ih* wobbling of victor 20. 

so addition, its operations as an integrating gyro can be obtained easily by integrating formula (0- 
whh respect to v t ,i is. assuming thai the rotational angle of vibrator 2b is dertoted as oh 

ous.es in s >, odwn reference bee to item e s f ( 

reference heeneney generation means 45 are supplied to phase diiference detection circuit 46 to detect 
i eviatio.n e ed by phase difference detection cirt > vohe 

velocity Q becomes eero is fixed and does ton change, the value indicated changes when angniar 
ee c x ; v ? * eext.es angle <b 



^ a I ior v <v usu'i'f , i i \ 
velocity meter explained in the a.heememboned application example. The vertical axis indicates phase 

m \o (unit is " s as indicated by phase difference detection circus? ' and the boriaomai axis 
represents a lime axis. Because d . wobbling frequency of vibrator 20 is 341881 (Hz), reference 
frequency ee is also 348.88 1 (Hz). Rotational angle p of vibrator 20 is added at every '30 ± 22 and he 
enyWar velocity is 5 f /see. r A; this time, the phase difference output is 0.98 u ■, oi rotational angle . 

V: shown in Formula (Ob die reasons as to why the sensitivity never become 1.00 time is that the 
orbb ubu<} ^Mismuconn t omtd and the characteristic frequencies it . el racko ?x 

Figure 5 is a perspective view showing die configuration of another application example of the 

} OSS < \ i. S J S - S 1 

Mass member 21 is fixed to case 23 via supporting, sections 22a and 22b that are arranged on a 
straight line. Mass member 2 1 is ha the shape of a cylinder vvhh a large diameter; and ammoniac 

"bus 23 ww r ... m x v \ ! < x ■ m< , u o^oa, ceo 

o< a e cm nam v cnc M v eeo I e ; m\ a > > s - no .or m ^ - y s ^ c 1 - -ecee^ 
22c and 23d for ssmeorting bxation parts 23a and 23b. Because vs as 1: bod; 
orfbeiendy larger than the CTOsv-sechonal areas supporting sections 22a as 

entVctc i in said manner vs ill be explained next t he vibrator shown in 

s member 2i ucixx n s 
stares of vibrator 20. the characteristic bending frequency of the vibrator 
was changed as the axial three of supporting section 22 changed. (While the changes in the 
characteristic frequency attributable to this factor is 1 nam er less, for example, becanse the lower - 



fa they are highly rigid. 
Operations o; the devxe 
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ol the angular vebchb to be del emxi of die chamctensdc thxpmncs eh appro:- ;nxueh 150 (Hz) is 0 01 
{".'s&cX the .0 >e - need?, to nave die stability level oi 0.08 ppm.) 

v - se o ^ s v. > v s 

V. < N \ L " ^ x v„ v,„ !,s^,\; W. , r - ; d~ X v. ~ 

regardless of the postures of the vibrator, so - die charaeaansde bendmg iremaency of die vibrator 
never changes. 

t i mi .\ 1 sec - n N \ , ^ " % a v. v ^ , \ , , - thin inn 

and nrass member 21 is sapported while a tension is applied 10 them may be adopted also. The point thai, 
the tension applied to supporting sections 22a and 22b remains constant regardless ofdhe postures oft.be 
vibrator' is no do a real ho -ro the vibrator shown in Figure 5. 

Furthermore, the • invendoa is no; reserved to the aforementioned application example: that is, 

use* v .> frequencies ol vib \> x 1 >a 

s s s. v its g - v v ^ se vibrator system) o 

s said vibrator may be s 1 >. s /5 

characteristic bending frequencies Is set within several urncs of ore. The reason a; Oca die vibrator can 
wobble, at a sufficient amplitude eve;; though the a characteristic bending frequencies may not mated 
pc death 

In .addition, although the excitation means was driven electrostatically in the application example, the 
vibrator may he made of a magnetie material and driver; eieetromageedcaiiya sad a pieaoeiecfric 
snbstaoee may be adhered to the vibrator so as to exalte the vibrator. 

In addition, -dm e^ the frequency detection means detected the vibrations ol the vibrator baaed on 
changes in the capacitance in the application example, the vibrator may be made of a magnetic body so 
as to utilize inductance to this end, or some < ^thcr displacement detection means may be utilized. In 

11 



addition, the rotational ntov en-tents of the vibrator may be detected by detecting the stress generated at 
the snpporth | sect of the \ 

in addition, although the arithmetic operation pas ;nfi/.- : die same reference hamneocy as that 
d whs guiar vdochy is Ke detet e rota 

frequency, a highly stable reference clock with a high frequency may be utilized to detect changes • the 
rotational nwvefmnu frequency. 

Figure 6 and Figure 7 are perspective views shewing configurations of application examples of the 
second invention, wherein a single body of vibrator is shown. 

In Figure 6, 2 units of die vibrator m to Figure I (a) are provided on ease 23 on straight 

\ s ^ „ ..s ^ > v < 

In Figure ?, 2 units of the vibrator pertaining to Havre 1 (a) are provided on case 23 around the 
^cnt-.w -;o y see - , an I / \m ^ -v roe 2 a p e\ <. s one >o, - a ov C\\ - and the 

other mass ntenmer 2 1 h rotates CCW. 

Operating principles of the devices configured in said miners wilt be explained next. Assuming that: 

fdkw- :;; getvcee %xw) (9) 

the other. Therefore, whets they are used dbmrent:aby, changes o> the rotational movement 
beonewoes with respect to angular velocities O of the vibrators, that Is their sensitivities, can be 
doubled; artd > changes in characteristic bend lay IVeeucneies aw attributable to posture errors; av 
changes in teTSvneratare can be erased efbeetlvely. 
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I fere, cee mo \ i^;.;u o ;^ri-nn::-^ i 1 g. w 6 , <c rigare " : meg be engaged :r lincas benchne 
vibrations so as to obtain reference frequency as; while the other vibrator is engaged in relational 
" \ - s v i - 5 udeeln O 

As described above, the first uivemam has die iobooseg characteristics. First, because hrr case arid 
the supporting section eur; he formed as a single structure, die structure of the vibrator can be slmpbbed. 
In addition, because the output Is the frequency. It car; be digital iy processed as- ip arse Incorporated 
5 o < ompute j \u > 

With the second invention, because changes in the characteristic bending frequencies attnhniahte to 
* >v v s <t m j , x ^. } „ _ ^ N on x*\ 

angular velocity meter can be realized. 

Brief deycrlption ot;tl>c tjggres 

Figure I perspe fives et > slu \ re < s g ■ atio 

view except hsr an arltlm an part. I 

excitation means and a frequency detection means. Figure a shows a model for explaining the operating 
armclpics. Figure 4 shows an example of measured angular velocity. Figure 5 shows another application 
example <. - ; v-'-r gtn o s * 

... „ „ v S - S V O ' ^ , 

eosrBguratsbsv 
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Figure 2 
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